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(54) Title: DRIVE AMPLIFIER FOR POWER LINE COMMUNICATIONS 




(57) Abstract 

A power line communications amplifier includes a first amplifier (23) which amplifies a transmit signal consistent within a 
first operating potential range, a second amplifier (52, 59, 61) which provides additional amplification of the transmit signal con- 
sistent within a second operating potential range, wherein the second range is larger than the first range, and a transformer (90) 
which is employed to couple the amplifier transmit signal output by the second amplifier (52, 59, 61) to the power line communi- 
cations system. A feedback circuit (70, 71, 72) couples the output of the second amplifier (52, 59, 61) to the input of the first am- 
plifier (23) and functions to maintain a low output impedance while the amplifier circuit operates in a transmit mode. Control cir- 
cuit (14, 40) is coupled to the second amplifier (52, 59, 61) for switching the amplifier circuit from the transmit mode to a receive 
mode. While in the receive mode, the amplifier circuit presents a relatively high output impedance. 



.<wo. 



.9221177A1J_> 



FOR THE PURPOSES OF INFORMATION ONLY • 

ttuls, used to identify Slates ,.ar.y to the PCT on the nont pages of pamphlets publishing interna.ional 
applications under the HCT. 



AT Austria 

AU Australia 

BB Burbudo* 

BE Belgium 

BF Burkina huso 

BG Bulgaria 

BJ Benin 

BR Bra/it 

OA C anada 

CF Central African Republic 

CC* Congo 

CH Swil/cibind 

CI Cotedlvoiie 

CM Cameroon 

CS IVechosIuvalia 

DE . Cierntuny 

UK Denmark 

ES Spain 



Fl 

FR 

CA 

CB 

CN 

GR 

HU 

IE 

IT 

JP 

HP 

KR 

LI 

LK 

LU 

MC 

MC 



Knlaiul 
hronce 
Ciabon 

Untied Kingdom 
Guinea 
Greece 
Hungary 



Italy 



Democratic People'* Republic 
of Korea 

Republic of Korea 
1 icciitenstcin 
Sri l^nika 
Uixcmbourg 
Muiuco 



Mi 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NG 


Norway 


PL 


Poland 


RG 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SE 


Sweden 


SN 


Senegal 


SU 


Soviet Union 


TO 


Chad 


TC 


Togo 


US 


United Slates of America 



JNSDOCID: <WO 9221 177A1J_> 



WO 92/21177 



1 



PCT/US92/03806 



DRIVE AMPLIFIER FOR POWER LINE COMMUNICATIONS 
FIELD OF THE IMVFMTIOM 

5 The present invention relates generally to the field of amplifier circuits; 

more specifically, the invention relates to a class of amplifier circuits for 
transmitting communication signals over lines primarily used for power 
distribution. 

10 BACKGRO UND OF THE INVEMTIOq 

In advancing the design of communications networks, a trend is 
developing toward utilizing existing AC power lines as a communications 
medium. There is a significant advantage to the use of AC power lines for 

1 5 communication purposes. The installation cost for adding dedicated 

communication wiring and hardware to existing buildings and structures can 
easily exceed the cost of the system hardware itself. This provides a strong 
motivation to use existing power fines for communication purposes, as well 
as for power distribution . 

20 In the past, there has been limited acceptance of power line 

communication (PLC) systems. Since power fines were never originally 
intended to provide a medium for communications, there are numerous 
problems and impairments which must be overcome in order to develop a 
reliable communication system utilizing existing power Ones. Very often, 

25 these problems have led to inconsistent and unreliable performance in 
previous PLC systems. 

One of the major problems which must be overcome by a PLC system 
is the ability to deal with the numerous noise sources and significant signal 
attenuation which arise in the power fine environment. It is well known that 
30 most electronic and electrical products (e.g., household appliances) 

generate significant electrical noise which is eventually coupled back across 
the power fines. Attenuation of the communications signal results from the 



_9221177A1_I_> 



WO 92/21177 



J 
t 



2 



PCT/US92/03806 



frequently lengthy connections and varying impedances seen at the 
receptacle points. Practitioners in the communications art have long 
recognized that the combination of signal attenuation plus high noise levels 
poses an especially difficult communication problem. 
5 As will be seen, the present invention provides a drive amplifier 

adapted for power line communication systems. The invented amplifier 
- 1*= circuit provides a low output impedance during transmit mode, and a high 
input impedance during receive mode. Special control circuitry is included 
to permit rapid switching between transmit and receive modes. Numerous 
1 0 other features desirable of a power line communications amplifier are also 
incorporated. 
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SUMMARY OF THE INVFMTIOM 

Accordingly, It is an object of the present invention to provide an 
improved power Dne communications amplifier circuit which provides a low 
5 output impedance at the carrier frequency during signal transmission, and a 
high input impedance while in a receive mode. 

It is another object of the present invention to provide an amplifier 
circuit for power fine communic^tionswhich provides a strong output signal 
when driving a low impedance load. 
10 It is a further object of the present invention to provide an improved 

drive amplifier which draws very little power supply current while operating 
in a transmit mode. 

It is yet another object of the present invention to provide a stable 
amplifier circuit for power line communications which withstands oscillation 
15 even when driving widely varying receptacle impedances. 

It is still another object of the present invention to provide an amplifier 
circuit for power line communications exhibiting low harmonic distortion. 

It is another object of the present invention to provide an amplifier 
circuit for power line communication systems which provides for a relatively 
20 large output voltage swing when driving a very low receptacle impedance. 

It is a further object of the present invention to provide an amplifier 
circuit which is compatible with input and control circuitry powered from a 
integrated circuit operating off a standard power supply. 

It is a further object of the present invention to provide an amplifier 
25 circuit for power line communications which is capable of switching between 
transmit and receive loads very quickly to reduce the potential for signal 
collisions on the line. 

It is yet another object of the present invention to provide an amplifier 
circuit which complies with FCC regulations governing power fine 
30 communications. 

It is still a further object of the present invention to provide an amplifier 
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circuit incorporating all of the above features at a low cost. 

In accordance with one embodiment of the present invention, the 
amplifier circuit includes a first circuit means for amplifying a transmit signal 
consistent within a first operating potential range. A second circuit means 
5 provides additional amplification of the transmit signal consistent within a 
second operating potential range, wherein the second range is larger than 
ijtve first range. A transformer is employed to couple the amplified transmit 
signal output by the second circuit means to the power line communications 
system. 

10 The invention further includes a feedback means coupling the output 

of the second circuit means to an input of the first circuit means. This 
feedback means maintains a low output impedance while the amplifier 
circuit operates in a transmit mode of operation. A control means coupled to 
the second circuit means is used for switching the amplifier circuit from the 

1 5 transmit mode to a receive mode of operation. When in the receive mode, 
the second circuit means presents a relatively high output impedance. 
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BRIEF DESCRIPTION OF THE nRAWtqqft 

Figures 1 A & IB show a circuit schematic diagram of the drive 
amplifier of the present invention. 

5 

Figure 2 is a plot illustrating the amplifier's output Impedance in 
receive mode as a function of frequency. 

Figure 3 is a simplified circuit schematic of the present invention 
1 0 showing an alternative feedback configuration. 

Figure 4 is a simplified circuit schematic of the present invention for 
l, J u f*?£? n 9 an advantage of the currently preferred feedt>a^ configuration. 

1 5 Figures 5A & 5B show a detailed circuit schematic of the current 

embodiment of the present invention including component values and part 
numbers. 
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DETAILED DESCRIPTION 

An amplifier circuit for driving communication signals onto a power 
line medium is described. In the following description, numerous specific 
5 details are set forth in order to provide a thorough understanding of the 
invention. It will be obvious, however, to one skilled in the art that the 
present invention may be practiced without these specific details. In other 
instances, well known circuits, structures, eta, have not been shown in detail 
in order avoid unnecessarily obscuring the present Invention. 
1 0 Referring to Figures 1 A and 1 B, there is shown a circuit schematic 

diagram of the amplifier circuit of the present invention. In transmit mode, 
the communications signal is applied to node 27. From there, it is coupled 
through resistor 26 to the positive input terminal of operational amplifier (op 
amp) 23, i.e., node 28. Phase compensation and gain for op amp 23 are 
15 provided by resistor 24, coupled between the negative input terminal of op 
amp 23 (i.e., node 20) and ground, and also by means of the parallel 
combination of resistor 21 and capacitor 22 coupled between nodes 29 
and 20. Additional phase compensation is provided by the network 
comprising the series combination of resistors 31 and capacitor 33 coupled 
20 across nodes 29 and 35 in parallel with resistor 30. 

Figures 1A and 1B also show diode 36 and resistor 37 being 
coupled in series between node 35 and the negative supply potential, Vee. 
Node 35 is also coupled to the collector of NPN bipolar transistor 40. The 
emitter of transistor 40 is coupled directly to Vee while the base of 
25 transistor 40, i.e., node 38, is coupled to Vee through resistor 39. Node 35 
is also coupled to the base of NPN bipolar transistor 59. Together, diode 36 
and transistor 59 function as a current mirror, with resistor 30 (Ri) acting as 
the input resistor to the mirror. Resistor 37 (R2) and resistor 60 (R3), coupled 
from the emitter of transistor 59 to Vee, establish the current ratio between 
30 the input and output of the mirror. Thus, this ratio sets the voltage gain 
through bipolar transistor 59 in conjunction with transistor 59's equivalent 
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collector load. This aspect of the present invention will be discussed in 
further detail shortly. 

Figures 1 A & 1 B also show a transmit / receive control signal, TjqoM), 
being applied to the base of PNP transistor 14 at node 10. The emitter of 
5 PNP transistor 1 4 is coupled to positive supply potential V D d through 
resistor 12 while the collector of transistor 14 is coupled to the base of 
transistor 40 at node 38. The base of bipolar,transistor 14 is also coupled 
to the base of transistor 41 through resistor 16. Note that nodes 10 and 17 
have a path to ground provided for them through respective resistors 11 
10 and 19. 

NPN bipolar transistor 41 is shown having its emitter grounded and 
its collector coupled to the base of PNP transistor 47 at node 49 through 
resistor 42. The series combination of resistor 45 and diode 43 connect 
the positive supply potential V CC to the base of transistor 47 at node 49. 
1 5 The emitter of transistor 47 is coupled to V CC through resistor 46. It should 
be apparent that the combination of diode 43, transistor 47 and resistors 42, 
45 and 46 form a current mirror in the same way described above. As 
before, the ratio of resistors 45 and 46 establishes the current ratio between 
the input and output of the mirror. 
20 Notice that the values of resistors 42 (R1), 45 (R2) and 46 (R3) are the 

same as those of resistors 30, 37 and 60. respectively. This means that the 
upper current mirror, supplying the drive current for NPN transistor 52. 
matches the lower current mirror, which supplies base drive current for PNP 
transistor 61. Because both current mirrors drive their respective halves of 
25 the output stage (comprising transistors 52 and 61) the circuit is balanced 
with respect to op amp 23 (providing of course that transistor 41 is on, i.e.. 
Tx(ON) Is high). 

Continuing with the description of the circuit, NPN transistor 52 is 
connected to the collector of transistor 47 at node 53. The base of 
transistor 52 is also coupled to the base of PNP transistor 61 through the 
series connection of diode 48, resistor 55 and diode 56. The emitters of 
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transistors 52 and 61 are coupled through biasing resistors 66 and 67. 

It is appreciated that transistors 52 and 61 are arranged in a 
push-pull configuration wherein the collectors of transistors 52 and 61 are 
coupled to supply potentials Vcc and Vee, respectively. Since the current 
5 mirrors driving transistors 52 and 61 are balanced, this means that the push- 
pull output stage is itself balanced. That is, if op amp 23 outputs zero volts at 
node 29, tfieti the output at node 63 will also be zero. A positive output from 
op amp 23 causes more drive current to be drawn from transistor 61 relative 
to transistor 52 so that node 63 becomes more negative. Similarly, if op 

1 0 amp 23 produces a negative output, transistor 52 will receive more base 
current compared to transistor 61 , and node 63 will become more positive. 

Feedback is provided for in the circuit ofFigures 1 A & 1B by means of 
resistors 70 and 71 and also capacitor 72. Resistor 71 is connected 
between the emitter of transistor 52 (node 64) and the positive input 

1 5 terminal of operational amplifier 23. Likewise, the emitter of PNP 

transistor 61 is also coupled to node 28 through resistor 70. Resistor 70 is 
coupled between nodes 65 and node 28. Capacitor 72 is shown being 
connected across nodes 63 and 28. 

Recognize that transistor 59 provides voltage gain for the amplifier 

20 circuit at the same time that the push-pull output stage provides current gain. 
Both of these stages operate to drive a communications signal across a pair 
of resistors 75 and 76. Resistors 75 and 76 are coupled in parallel across 
nodes 63 and 80. Node 80, in turn, is coupled to ground through 
resistor 81 and capacitor 82, and to one winding of transformer 90 through 

25 AC coupling capacitor 83. Transformer 90 provides an interface between 
the driving amplifier circuit of the present invention and the power lines. 
Currently, transformer 90 comprises a transformer having a 3:1 turns ratio. 

Practitioners familiar with PLC systems will realize that in certain 
situations, signal attenuation can be minimized by the use of a power line 

30 coupling network. When used in conjunction with the present invention, 
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such a coupling network would be connected on the line side of 
transformer 90. A coupling circuit for use in PLC systems is described in a 
co-pending application entitled. "Power Line Coupling Network", Serial No. 

: filed , which application is assigned to the 

5 assignee of the present invention. 

Having thus far described the various connections and devices 
utilized in the amplifier circuit of Figures 1 A and IB^discussion of various 
operating principles and advantages of the present invention may now be 
presented. 

1 0 One of the important features of the present invention is its ability to 

transmit a communications signal at the carrier frequency with a low output 
impedance (e.g., less than 10 ohms). In transmit mode, a very low output 
impedance is desired in order to overcome the very low impedance of 
electrical appliances connected to the line. For the current embodiment, 

1 5 transmissions take place at a carrier frequencies of 1 1 8 kilohertz and 
134kilohertz. 

Not only must the driving amplifier provide a low impedance in 
transmit mode, but it also must provide a relatively high output impedance 
(greater than S00 ohms) at the carrier frequency while in a receive mode. 

20 One can imagine that if a great many amplifiers were connected to a 

common power line, and if each had a low output impedance in its receive 
mode, then the collective load impedance as seen by a transmitting source 
would be so low as to make it prohibitively difficult to transmit a signal onto 
the line. As discussed further below, the present invention achieves a 

25 relatively high output impedance in receive mode and a relatively low 

impedance in transmit mode. Moreover, the invention is capable of rapidly 
switching between the transmit and receive mode with corresponding 
switching of input impedance levels as seen from the power line. This latter 
ability is critical for minimizing signal collisions on the power Ones. 

30 During normal transmitting operations, the transmit signal is applied 

to the positive input terminal of operational amplifier 23 via node 27. The 
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amplified transmit signal appears at nodes 29 and 35 having a 
peak-to-peak amplitude which basically extends from the positive to 
negative operating potentials. This signal is then coupled to node 35 at the 
base of NPN bipolar transistor 59. As discussed above, transistor 59 
5 provides voltage gain for the signal as it is delivered to the output stage. 

It is significant to note that the portion of the circuit represented in 
Figure 1B Is powered by the supply potential Vcc. which in the currently 
preferred embodiment represents a relatively high positive potential of 
approximately +12. volts (Vee = -12V)- At the same time, the portion of the 
1 0 circuit represented in Figure 1 A is powered by Vqd (e.g., 5 V). Thus, the 
relatively small amplitude signal output by amplifier 23 eventually is gained 
up to a larger amplitude signal by transistor 59. This larger signal is output 
onto the line by the push-pull output stage comprising transistors 52 and 61. 
This stage provides current gain for the output amplifier signal. 
15 Whenever a communication signal is being transmitted onto the 

power line medium, the transmit control signal, Tx(ON)> is raised to a high 
logic level (e.g. f 5 volts). A high potential at node 10 turns off transistor 14. 
At the same time, transistor 40 is also turned off - its base being grounded 
through resistor 39. Turning off transistor 40 allows the voltage at node 35 
20 to swing freely. 

With Tx(ON) raised to 5 volts, a high potential also appears at 
node 17, thereby providing drive current to the base of transistor 41. 
Because transistor 41 is on, current flows through resistors 45, 42 and 
diode 43. The resulting voltage drop at node 49 turns on PNP 
25 transistor 47 which, in turn, provides a source of base current to activate the 
push-pull output stage comprising transistors 52 and 61 as explained 
earlier. 

Diodes 48 and 56, together with resistor 55, insure that an adequate 
voltage separation is maintained between nodes 53 and 57 so that 
30 transistors 52 and 61 operate in the linear or active region. During 
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transmission the output impedance appearing at node 63 is kept to a 
minimum by means of the negative feedback provided to operational 
amplifier 23 through resistors 66. 67 and 71, 70. Basically, the output 
impedance of the amplifier is reduced inversely proportional to the loop gain 
5 of the amplifier and the feedback circuit. 

The circuit is switched to a receive mode by taking the transmit control 
signal to a low logic level (e.g., ground). Grounding node 10 activates PNP 
transistor 14. With PNP transistor 14 on, drive current is supplied to the 
base of NPN transistor 40. This turns transistor 40 on, thereby pulling 
1 0 node 35 down to negative supply potential Vee. which turns off NPN 
transistor 59. 

Referring now to the upper half of the amplifier circuit, a ground 
potential on node 10 also grounds node 17. This turns off transistor 41 
which causes a high potential at node 49 turning off transistor 47. With 
1 5 transistors 47 and 59 both off, the push-pull output stage comprising 

transistors 52 and 61 are disabled, i.e., the transistors have no drive current. 
Disabling the push-pull output stage results In a high output impedance at 
node 64 and 65. Hence, grounding the control signal Tx(ON) causes the 
amplifying portion of the circuit of Figure 1A and 1B to switch to a high 
20 impedance state. In this state the received communication signal Is simply 
tapped off of the amplifier side of transformer 90 (node 94). 

As previously discussed, the invented amplifier is capable of 
switching between transmit and receive modes of operation very quickly - 
with typical speeds on the order of 10 microseconds. The ability to rapidly 
25 switch between one mode of operation and the other is crucial to the 

avoidance of collisions between signals on the power line medium. As the 
switching delay gets larger, the probability of incurring collisions increases 
dramatically. To achieve fast switching, several important circuit features 
have been incorporated in the present invention. 
30 First of all, providing an input node which can be driven digitally by 

standard logic devices is important in providing a control element for 
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switching operations. All of the components shown in Figure 1A can be 
easily integrated into a single semiconductor circuit using conventional 
bipolar complimentary metal-oxide-semiconductor (BiCMOS) process 
technology. Alternatively, a conventional CMOS process can be used with 
5 appropriate substitution of transistors 14, 40 and diode 36. This means 
that the switching circuitry of the amplifier is easily interfaced to the switching 
control signal Tx(ON)» Moreover, when the circuit portion illustrated in 
Figure 1A is fabricated as an integrated circuit, all the control and input 
circuitry can be powered off of a common 5 volt power supply. 
10 It should be understood that when the circuit portion of Figure 1 A is 

fabricated as an integrated circuit, that there will be a corresponding shift in 
supply voltages. For example, one possibility is Vdd ■ 5 volts, Vee = OV 
and Vcc « +24V. Furthermore, it is appreciated that some resistor values 
may need to be adjusted (e.g., resistors 42, 45 and 46) to accommodate this 
1 5 shift in supply voltage. 

Secondly, the values of resistors 11,12 and 39 are chosen to insure 
that transistor 14 always operates in a mode where it is either functions as a 
current source or it is completely turned off. Transistor 14 is deliberately 
kept out of saturation so that node 38 can be switched quickly from a high to 
20 a low voltage level. Furthermore, the presence of resistor 1 1 allows rapid 
discharge of the base voltage of transistor 14 during a high to low transition 
of node 10, Correspondingly, the presence of resistor 39 helps in the rapid 
discharge of the voltage at node 38 to turn off transistor 40. Resistor 19 
performs the same function to discharge node 17, coupled to the base of 
25 transistor 41, when the control signal Tx(ON) transitions from a high to a low 
level. Altogether, the DC biasing keeping transistor 14 out of saturation and 
the inclusion of resistors 11, 19 and 39 facilitate rapid switching between 
modes. 

One of the difficulties in designing an amplifier circuit for driving 
30 power tine communications is the fact that government regulations limit the 
amount of power that may be broadcast at certain frequencies. According to 
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the present invention, the power delivered to the Gne is kept relatively high 
without harmonic levels which would exceed government regulation limits. 
This is accomplished by means of transistor 59 and push-pull 
transistors 52 and 61, and the configuration wherein the relatively small 
5 output of op amp 23 is stepped up to a larger signal. As explained 
previously, transistor 59 provides voltage gain while current gain is 
provided by the push-pull combination. At present, the output stage of the 
invented amplifier circuit is capable of delivering about 40 milliamps with a 
communications signal of 18 volts peak-to-peak at node 63. 
1 0 Recognize that the operating supply potential of the output driver 

stage illustrated in Figure 1B is currently maintained at approximately 
. v 24 volts (e.g., ± 12V). Because of the relatively large currents and voltages 
which must be withstood by the components of Figure 1B, each of the 
component elements illustrated in Figure 1 B is preferably implemented as a 
1 5 discrete device. The combination of higher voltage discrete transistors 
(represented by the components of Figure 1B) driven by an integrated 
circuit providing mode switching and signal amplification, minimizes the total 
cost of the entire circuit. The operational amplifier and switching portions of 
the circuit may be implemented on an integrated circuit as will be discussed 
20 further. Meanwhile, the high-powered output portion is optimally 

manufactured at a discrete level. Taking this manufacturing approach, the 
total cost of the circuit of Figure 1A and 1B Is kept to a minimum. 

Another advantage of the present invention is its ability to operate off 
of very small current (tens of milliamps) from the power supply, even under 
25 worse case conditions. Drawing such a small amount of current from the 
power supply allows the present invention to utilize a capacitive input power 
supply. A capacitive input power supply is well known to power supply 
designers as a low cost supply. The prohibitive factor associated with the 
capacitive input type of power supply is that it is limited in the amount of 
30 current it can deliver (generally not exceeding 50 milliamps). However, it 
more than compensates for this fact by its ability to generate higher voltages 
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which translate Into high power output (recall that power is equal to the 
product of voltage times current). By minimizing the current drawn from its 
supplies, the present invention is able to benefit from the use of a capacitive 
input type of power supply. That is, the present invention relies upon a 
5 relatively large operating supply potential (e.g., 24 volts) compensated by a 
relatively low supply current (approximately 40 milliamps), to achieve 
maximum power output 

This result is accomplished by means of the large voltage gain 
provided by transistor 59 coupled with the large current gain of the output 
1 0 stage, and by the 3:1 turns ratio associated with transformer 90. It is 
appreciated that transformers not only transform impedance but they also 
modiiy voltage levels. By way of example, for transformer 90 of Figure 1 B, 
the voltage level on the amplifier side is nominally three times larger than 
the voltage level present on the line side. But at the same time, the 
1 5 transformer provides three times the current drive capability on the One side, 
with the benefit of smaller supply currents on the amplifier side. The present 
invention employs large operating supply potentials at the output stage in 
combination with the 3:1 turns ration of transformer 90 to transform the high 
voltage associated with the amplifier side of the coil into a low voltage on the 
20 line side. (Obviously, other turns ratios may be used with similar results.) 

On the other hand, current draw from the amplifier's power supply is 
minimized by means of the 3:1 turns ratio. That Is, the current drive 
capability on the line side is three times greater than the current drawn from 
the power supply on the amplifier side of transformer 90. The low power 
25 supply currents then allow the use of the inexpensive capacitive input type of 
power supply. 

Because an amplifier driving a power line communications system 
experiences widely varying receptacle impedances, assurances must be 
taken to prevent oscillations from occurring. This is often a difficult challenge 
30 in amplifier design. To provide stability against oscillations, the present 
invention incorporates lead/lag compensation networks coupled to op 
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amp 23. The lead compensation network circuitry comprises resistor 31 
and capacitor 33 coupled in series between nodes 35 and 29. Lag 
compensation is provided by the feedback network comprising resistors 21 , 
24 and capacitor 22. At the frequency where the gain of the amplifier plus 
5 the gain or loss of the feedback network is unity, the lead and lag 
compensation networks guarantee at least 45° of phase margin. 

Figure 2 illustrates the input impedance looking in from the power 
line of the circuit as a function of frequency. The operating frequencies of 
concern are indicated as being 118 kilohertz and 134 kilohertz for the 
10 current embodiment The impedance is depicted by waveform 91. The 
lower impedance at frequencies below 118 kilohertz is primarily due to the 
magnetizing inductance of transformer 90. At frequencies above 
134 kilohertz, the low impedance is due to the presence of parasitic 
capacitance. The impedance in the region of 1 18 KHz to 134 KHz is set 
1 5 primarily by resistor 81 and capacitor 82. Note that the valve of resistor 81 . 
must be limited to avoid excessive ringing causes by noise present on the 
power line. 

To be useful in driving power One communication systems, the 
amplifier circuit of the present invention also must have low harmonic 

20 distortion. Basically, FCC and Class B government regulations prohibit 
conducting more than 250 microvolts of noise across any portion of the 
broadcast band. Emissions tests are performed to meet these regulations by 
use of a network which results in approximately 100 ohms across the hot 
and neutral power lines in the pertinent frequency range. The power lines 

25 are then measured to determine how much noise is being passed onto the 
lines. Because of the operating frequencies Involved (e.g., 118 KHz and 
134 KHz), there is a potential for a fifth harmonic to fall within the A.M. 
broadcast band. 

Low harmonic distortion is attained in the present invention by 
30 enclosing the entire amplifier circuit ~ not only just the operational amplifier 
itself, but the operational amplifier as well as the output buffer 
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circuitry - within the feedback loop. In other words, the feedback 
connection back to the positive input of operational amplifier 23 is taken 
from the output node of the amplifier driver circuit at node 68. This feedback 
path from node 63 to node 28 includes resistors 66, 67, 70, 71 and 
5 capacitor 72. The fact that the feedback connection is around the whole 
amplifier — including the output buffers, instead of simply operational 
amplifier 23 alone - means that the present invention realizes distortion 
levels of better than 68dB below the fundamental when driving a 100 ohm 
resistive load. 

10 Furthermore, amplitude distortion (i.e., signal clipping) is similarly 

avoided when driving bw receptacle impedances on the order of 1 ohm. 
Consider the simplified alternative embodiment shown by the circuit diagram 
of Figure 3. Rather than employing separate resistors 70 and 71 coupled 
to the emitters of transistors 61 and 52. respectively, the schematic of 
15 Figure 3 shows the feedback resistors merged into a single equivalent 
resistance 92 connected to node 63. With this type of feedback, the open 
loop output impedance of the amplifier is approximately Rb/2. (Note that the 
purpose of resistors 66 and 67 is to provide a stable DC quiescent current 
for the two output transistors 52 and 61). With the loop closed, the output 
20 impedance looking into node 63 is approximately 0 ohms. The equivalent 
resistance between node 63 and 80 is shown in Figure 3 by resistor Ro 

The problem with the alternative feedback scheme of Figure 3 is that 
when the output stage has to drive a very small load impedance (one ohm or 
less) a significant amount of extra current is generated. This extra current 
25 drops additional voltage across resistors 66 and 67 which limits the voltage 
clipping level at node 63. in other words, the peak-to-peak voltage swing of 
the signal appearing at output node 63 must be reduced to avoid incurring 
amplitude distortion. The consequence of this extra drop means that less 
power is delivered onto the communication lines. 
30 Contrast the alternative embodiment of Figure 3 with the current 

embodiment shown in Figure 4, once again in simplified form. Instead of 
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making the feedback connection directly to node 63, the embodiment 
shown in Figure 4 has feedback connections to nodes 64 and 65; that is, 
directly to the emitters of the output devices. Also, the single feedback 
resistor of Figure 3 is shown being split into a pair of feedback resistors 70 
5 and 71. By splitting the feedback resistor into two separate resistors and 
coupling them directly to the emitters, the amplifier is able to reduce the 
value o.f the resistance of Ro by Rb/2 for the same output impedance seen 
looking in from the power line. 

This result is significant since it allows the resistance value between 

1 0 nodes 63 and 80 to be reduced in value. So in effect, a portion of the 

previous resistance Ro has now been embedded into the amplifier. The net 
result is that an additional 2 dB of output signal range is achieved before 
clipping occurs. In other words, the key difference between the schematics 
of Figures 3 and 4 is that in Figure 4, the series output resistor between 

1 5 node 63 and 80 can be made smaller by Rb/2 to provide extra signal 

headroom, it is appreciated that the resistance Ro > i-*-. resistors 75 and 76 
as shown in Figure 1B, is required to keep the amplifier operating in a linear 
mode when presented with a very low impedance on the fine. Linear 
operation guards against voltage or current clipping. 

20 Figures 5A and 5B are a circuit schematic diagram of the current 

embodiment of the present invention including specific component types 
and values. Note that the circuit of Figures 5A and 5B includes several 
EXCLUSIVE-OR logic gates together with extra associated circuitry. 
Practitioners in the art will appreciate that the purpose and function of this 

25 circuitry is to eliminate possible glitches which might occur while switching 
from transmit to receive mode and vice-a-versa. Of course, certain 
embodiments and applications may not require such circuitry, or may 
employ other components for similar reasons. This additionai circuitry is not 
deemed to be essential to the present invention. 

30 Whereas many alternations and modifications to the present invention 

will no doubt become apparent to a person of ordinary skill in the art after 
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having read the foregoing description, it is to be understood that the 
particular embodiments shown and described by way of illustration are in no 
way intended to be considered limiting. Therefore, reference to the details of 
these embodiments is not intended to limit the scope of the claims which 
5 themselves recite only those features regarded as essential to the invention. 
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CLAIMS 

I Claim: 

1 . An amplifier circuit for driving a power One communications 
system comprising: 

a first circuit means for amplifying a transmit signal consistent within a 
first operating potential range; 

a second circuit means for further amplifying said transmit signal 
consistent within a second operating potential range, wherein said second 
range is larger than said first range; 

a transformer means for coupling the amplified transmit signal output 
by said secondja'rcuit means to said power line communications system; 

feedback means coupled from the output of said second circuit means 
to an input of said first circuit means for maintaining a low output impedance 
while the amplifier circuit is in a transmit mode of operation; and 

control means coupled to said second circuit means for switching the 
amplifier circuit from said transmit mode to a receive mode of operation, 

said second circuit means presenting a relatively high impedance to 
the power line at the frequencies of operation while in said receive mode 
and a relatively low impedance while in said transmit mode. 
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